Activated carbon is used in many drinking water facilities because it can remove a broad spectrum of contaminants (e.g., herbicides, pesticides, heavy metals, etc.) or to replace anthracite coal in dual media filters. In recent years, liquid chlorine has been substituted by chlorine dioxide (ClO 2 ) because, for instance, it can remove natural organic matter in raw water without formation of harmful disinfection by-products. Interest in chlorine dioxide is due to formation of chlorite (ClO À 2 ), which can be potentially toxic for humans. In this study, the authors investigated the applicability of two activated carbons coming from different matrices (coconuts and bituminous) as technology for chlorite removal. The activated carbons were tested at different conditions (virgin and pre-loaded with some substances) in order to simulate full-scale working situations, and their Freundlich isotherms were determined. The results show a good affinity of virgin carbons in chlorite removal (about 80%), but the pre-loading significantly affected the efficiency of the chlorite removal process, reducing it to only 19%. An investigation into the main removal mechanism used by the carbons for chlorite removal was also done. Results show that activated carbons used both reduction and adsorption processes.
INTRODUCTION
The progressive increase in pathogens and chemical pollutants in natural water due to human activity requires more and more complex treatments for its purification. More restrictive targets in pollutant removal can be reached with the use of chlorine (e.g., killing bacteria and ammonia removal) but it can lead to the formation of harmful by-products, such as trihalomethanes and haloacetic acids, whose negative effects on human health are reported in many studies (e.g., Lubbers et In this study, the authors investigated the applicability of activated carbon for chlorite removal. For this purpose, two
GACs of vegetal and mineral origin (coconuts and bitumen)
were tested in batch conditions (Freundlich isotherms), both on virgin and pre-loaded carbons. Moreover, the main reduction or adsorption removal mechanism of chlorite was investigated. Reagents and GAC pre-loading procedure carbon was added. The water was kept in stirring conditions (100 rpm) until PAC saturation was reached (assumed when no variation in methylene blue value (MBV) and iodine index were observed). At the end of the pre-saturation process, the activated carbons were filtered on a No. 2 Whatman filter paper (filtration in the 8 μm particle size range). Finally, the carbons were dried at ambient temperature (only in the case of pre-loading with humic acids were the PACs washed with bi-distilled water before drying).
MATERIALS AND METHODS

Virgin activated carbons
Freundlich isotherms
The reported that chlorite can be removed from water through a chemical process (reduction) that occurs between the carbon active sites (*C) and chlorite. In this case, the process is controlled by the reaction (2) and chloride and carbon dioxide are found as final products
To investigate chloride (Cl À ) production in the water, 
RESULTS AND DISCUSSION
Activated carbons
In Table 1 , the main characteristics of tested activated carbons are reported.
Both activated carbons showed high value of the coeffi- 
Equilibrium studies
The equilibrium studies were conducted testing 5 and 10 minutes as contact time. The best results on chlorite removal were observed for 10 minutes (data presented in this paper).
In Table 2 , the PAC removal efficiencies are reported while in Figures 1 and 2 the Freundlich isotherms are represented.
Virgin PACs
As shown in Table 2 shown that the microporous fraction more easily removes low-molecular weight compounds. Table 3 reports the duration of the pre-loading process and the values of the adsorption indexes of the PACs at the end of the pre-loading process. Different contact times between the activated carbon and the pre-loading solutions were needed depending on the type of PAC and on the pre-loading solution.
Pre-loaded PACs
It can be observed that the first pre-loading solution (containing iodine, methylene blue, and molasses) could effectively pre-load the carbon that, at the end of the preloading process, showed low values of MBV and iodine index. Apparently, the pre-loading process performed using humic acids and phenol did not seem to be effective; in fact, MBV and iodine indexes shows values similar to the virgin activated carbons. This is probably due to the low solubility of humic acids and phenol in water, at ambient temperature, that favored the formation of a film on the activated carbon surface thereby inhibiting the adsorption of these molecules.
In Table 2 , the removal efficiencies of carbon pre-loaded with a mix of iodine, methylene blue, and molasses are
shown. Comparing the iodine number and MBV of preloaded carbons (Table 3) with the virgin ones (Table 1) The amount of chloride due to the reduction process was estimated as the difference between the amount of chlorides found in the solution at the end of the tests (both with bi-distilled and spiked water) and the chlorides released in bi-distilled water through the following equation (Equation (3) [
The amounts of chlorides produced were 0.406 mg and 0.269 mg for the vegetal and mineral carbons, respectively, suggesting that removal process for vegetal carbon is the combination of two mechanisms (reduction and adsorption) while the adsorption seems to predominate for the mineral one.
This is consistent with the results obtained in the adsorption tests carried out with PACs pre-loaded with phenol. In this test, it could be assumed that no sieving effect due to the pre-loading substances occurred so all pore fractions were saturated allowing evaluation of the contribution of the reduction mechanism. In this test, the mineral activated carbon obtained a higher value of 1/n (4.370 vs. 1.892) indicating that its removal capacity tends to be strongly dependent on the amount of PAC. It means that the adsorption mechanism seems to be negligible and a weak reduction process occurs. Similar analysis can be done for the vegetal PAC for which the higher chlorite removal yield (29.6 vs. 19.3%) is due mainly to the reduction mechanism.
CONCLUSIONS
In this study, the authors investigated the applicability of activated carbon for chlorite removal in drinking water.
For this purpose, two activated carbons originated by two different raw materials (coconuts and bitumen) were tested in batch conditions in order to determine the Freundlich isotherms both in virgin and pre-loaded conditions (the preloading was carried out with three different solutions: a for vegetal and mineral PAC, respectively). Finally, it must be highlighted that the so-called molecular sieve effect (i.e., the ability of the carbon pores to select the molecules of different dimensions) could not be excluded by pre-loading PACs with humic acids, so to better understand chlorite adsorption mechanism under this pre-loading condition, the aperture and cavity of the pores could be investigated because they play an important role in the adsorption mechanism.
